INTRODUCTION
============

The suicide rate in Korea has been declining steadily after a peak of 31.4 per 100,000 in 2011, reaching 26.5 in 2016 \[[@b1-pi-2019-06-13]\]. The suicide rate changed with increases and decreases in the unemployment rate until 2011. From 2013, however, the suicide rate decreased, even though the unemployment rate increased \[[@b1-pi-2019-06-13],[@b2-pi-2019-06-13]\]. The time when suicide rates began to decline is in line with the start of multi-faceted suicide prevention activities at central and local government levels in our society as a whole.

Time series analysis is a suitable method to analyze the impact of such suicide prevention activities on suicide rates. Nevertheless, to date, time-series analyses of Korean suicide rate data have mainly addressed factors related to increases in suicide rates, such as economic crises, media reports on celebrities' suicides, or unemployment \[[@b3-pi-2019-06-13]-[@b5-pi-2019-06-13]\].

Meanwhile, studies on effects of interventions to prevent suicide show that restriction of access to lethal means is one of the most important evidence-based public health strategies to decrease suicide \[[@b6-pi-2019-06-13],[@b7-pi-2019-06-13]\]. As part of such strategy, Gyeonggi Province of Korea introduced a program of restriction of access to charcoal for the first time in this nation, and has gradually expanded its scope. Currently, the program is being implemented in all 31 municipalities, since 2017 \[[@b8-pi-2019-06-13]\].

Since the charcoal-related suicide prevention program has not been in place for 10 years, there has not been enough data available to evaluate the long-term impact of the program on suicide rates \[[@b9-pi-2019-06-13]\]. However, if a preliminary analysis shows that accessibility restrictions on charcoal are related to recent suicide rates in Gyeonggi Province, it would provide useful information when making decisions about whether to continue this intervention in the future.

Therefore, this study was performed to investigate whether the charcoal-selling procedure improvement campaign to restrict access to charcoal in Gyeonggi Province affected recent trends of suicide using charcoal.

METHODS
=======

Design
------

In this study, the effect of the charcoal burning suicide prevention program was estimated using multivariate time series analysis, which is a statistical technique to test whether the effect of a particular event on the time series trend is significant if the observed time series does not change independently but is influenced by other time series \[[@b10-pi-2019-06-13]\].

Sample
------

Time series data analyzed in the present study include the number of suicides by burning charcoal and the number of districts participating in the charcoal-selling procedure improvement campaign in Gyeonggi Province. Gyeonggi Province surrounds the capital city of South Korea, Seoul, and has the largest population among Korean metropolitan governments: its population is about 13 million, accounting for about 25% of the Korean population \[[@b11-pi-2019-06-13]\].

Suicides by burning charcoal are defined as suicide according to code X67 of the tenth revision of the International Classification of Diseases codes (ICD-10), and we collected data on causes of death standardized by sex and age for each year from 2000 to 2016, released by the National Statistical Office \[[@b12-pi-2019-06-13],[@b13-pi-2019-06-13]\]. While the X67 code includes suicides due to car exhaust or nitrogen oxide gas poisoning, it is known that there is no problem in defining the X67 code as suicide using charcoal-burning \[[@b14-pi-2019-06-13]\]. The number of repeated observations included in time series analysis met the conditions proposed by Janoski and Isaac \[[@b15-pi-2019-06-13]\].

In this study, the number of suicides by charcoal burning in the Gyeonggi province was used without standardization by gender and age. The reason why the crude data was used is that the study did not compare suicide rates among the various regions but analyzed the annual suicide trends by charcoal burning in one region. Nonetheless, standardization might be needed to look at changes in the time series of suicide rates. However, since there was no significant change in the composition of sex and age group of Gyeonggi Province population during the period included in this data analysis \[[@b16-pi-2019-06-13]\], and the level of actual health problems in the real world was of interest in terms of mental health service planning, the data on the number of suicide using charcoal burning in Gyeonggi province were used without standardization.

The charcoal-selling procedure improvement campaign in Gyeonggi Province forms part of strategies that were initiated to prevent charcoal burning suicides in this area in 2014. Shops participating in this campaign changed the way they sell bomblets: they are kept out of sight, not on display, and they are taken out only when customers request them. This campaign allows sellers to detect someone who has suicidal intentions by asking about the use of charcoal, and if so, to provide an opportunity to reconsider any extreme decisions or to ask for professional help. In Gyeonggi Province, this campaign to restrict access to lethal means, specifically, charcoal, has been gradually expanded from being implemented in single district in 2014, to ten districts in 2015, and to twenty-eight districts, except for three districts- G-si and N-si, and G-gun-, in 2016 \[[@b8-pi-2019-06-13]\].

Statistical analysis
--------------------

A multivariate regression model using ARIMA procedure was used to eliminate the autocorrelation problem, reflect the trends and noise of the time series data, and evaluate differences in the number of suicide deaths via charcoal burning according to the initiation and dissemination of the Gyeonggi Province-based intervention for the charcoal-selling procedure improvement campaign.

To adjust for the impact of the nation-wide suicide prevention strategy and overall decline in suicide rates from 2011--2016, we included two variables in the multivariate time series model: initiation and continuation of activities at the National Suicide Prevention Center of Korea and sex- and age-standardized suicide rates of Gyeonggi Province \[[@b13-pi-2019-06-13]\].

A time series graph of the number of suicides by burning charcoal shows a trend that increased over time but began decreasing after a peak in 2014. These trends did not show a pattern based on the average reference line, so the data needed transformation to become stationary. When looking at the primary difference non-seasonal autocorrelation function (ACF) and partial autocorrelation function (PACF) of the number of suicides using charcoal-burning, the Box-Ljung statistic of all time lags had p\>0.05 (0.511--0.871) without a significant spike, indicating the time series data showed stationarity. Based on the autocorrelation and the partial correlation function, and the recommendation of the expert modeler module, the ARIMA (0, 1, 0) model was found to be appropriate.

RESULTS
=======

The number of suicide deaths in Korea during the past 10 years was 10,736 in 2006, 15,906 in 2011, and 13,092 in 2016. Among the suicide deaths in Korea, the proportion of suicide in Gyeonggi Province was 20.7% (2,222 persons), 22.5% (3,580 persons) and 22.0% (2,879 persons) in 2006, 2011, and 2017, respectively \[[@b1-pi-2019-06-13]\].

Characteristics of the time series data were as follows: by 2007, burning charcoal accounted for less than 1% of all suicide methods. After Korean mainstream media widely publicized that a celebrity had committed suicide using charcoalburning in late 2007, the number of suicides using the same method increased from 2008. The number hit a record high of 536 suicides in 2014, exceeding 17% of all suicides in 2014. The number of suicides using charcoal burning declined and dropped to 433 (15%) in 2016 ([Figure 1](#f1-pi-2019-06-13){ref-type="fig"}). That indicates a decrease of about 19% of suicides using charcoal burning \[[@b13-pi-2019-06-13]\]. Details of the number and proportion of suicides caused by charcoal burning in Gyeonggi Province during the last 10 years were as follows: 18 (0.8%) in 2006, 13 (0.5%) in 2007; 73 (2.7%) in 2008; 175 (5.3%) in 2009; 187 (5.5%) in 2010; 288 (8.0%) in 2011; 294 (9.1%) in 2012; 286 (14.4%) in 2013; 536 (17.1%) in 2014; 514 (16.5%) in 2015; and 433 (15.0%) in 2016. The only suicide method that fell more than 0.5% points from the total in 2014 was charcoal burning except for hanging (from 53.4% to 52.4%) \[[@b13-pi-2019-06-13]\].

A multivariate time series analysis was performed to analyze the effects of suicide prevention interventions in Gyeonggi Province on the number of suicides by burning charcoal. The results showed that the campaign to improve the charcoal-selling procedure was a significant intervention for reducing the number of suicides using charcoal (t=-2.482, p=0.029). Meanwhile, the initiation and activity of the Korea Suicide Prevention Center, one of the control variables, was marginally significant (t=1.93, p=0.078), and the other control variable, the suicide rate of Gyeonggi Province, was not significant (t=1.32, p=0.210).

When residual analysis was conducted to determine the fitness of the model, no peak beyond the confidence limits at the ACF (r=-0.313--0.170) or PACF (r=-0.313--0.004) of residual was observed, confirming the model was acceptable.

DISCUSSION
==========

Restricting access to lethal means of suicide has been emphasized as a key approach in the evidence-based public health suicide prevention strategy \[[@b17-pi-2019-06-13]\]. In particular, the effect of accessibility restrictions on charcoal has been repeatedly proven in Asian countries \[[@b6-pi-2019-06-13],[@b7-pi-2019-06-13]\]. In this context, the authors analyzed the effects of the campaign for charcoal-selling procedure improvement in a time series, showing that restricting access to lethal means could be effective in Korea.

The reason the results of this study should be taken seriously is that while the overall suicide rate of Gyeonggi Province had been declining since 2011, the number of suicides by charcoal-burning had been gradually on the rise; the authors proved that the number of suicides by charcoal-burning started to decline after the public campaign was implemented in 2014. Moreover, the present results are considered reasonable, since interventions by the Korea Suicide Prevention center conducted throughout the country at the same time, and the decline in the suicide rate of Gyeonggi Province during the same period were adjusted for.

Considering that having debt problems, and a low level of contact with psychiatric services have been the main features of suicide victims using charcoal-burning \[[@b18-pi-2019-06-13],[@b19-pi-2019-06-13]\], it is believed that the social support system of this province, such as identifying suicide-related risks early and addressing them appropriately through the charcoal-selling procedure improvement campaign, seems to be working.

The limitation of this study is that the data analyzed did not include a sufficient period of observation after the initiation of the public intervention, as opposed to 13 years before the intervention. However, we aimed to explore future directions of comprehensive suicide prevention strategies at the Province level, and provide information to decision makers in a timely manner. If we wait too long for a sufficient observation period to transpire, it might be too late to decide whether to continue the intervention or not. It is believed that the present study has important implications in terms of providing the first empirical evidence for the charcoal-selling procedure improvement campaign in Korea. Further repeated research is needed to evaluate the impact of the intervention when enough observational data is available.
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